The worldwide increasing prevalence of childhood overweight seems to be due to an increasing proportion of extremely high body mass index (BMI) values rather than to a shift of the entire BMI distribution. These findings might be attributed to incremental exposure to risk factors particularly affecting overweight children. Objective: To assess the possible differences in associations of several risk factors by subgroups of children's BMI distribution. Methods: We applied quantile regression to cross-sectional data on 9698 German preschoolers (5-6 years) collected in 1999 and 2002. Sex-and age-specific BMI standard deviation scores (BMI-SDSs) were used as the outcome variable, and maternal BMI, maternal smoking during pregnancy, exclusive formula feeding, child's weight gain from birth to 2 years of life and low parental education as explanatory variables. Results: All risk factors except formula feeding contributed to a positive shift in mean BMI-SDS. The estimated effects of all risk factors on BMI-SDS were greatest for children with the highest BMI-SDS value. For example, high television (TV) viewing (42 h day À1 ) had an effect of 0.46 (95% confidence interval (CI): 0.46, 0.46) SDS units on overweight children (90th percentile), but only a 0.22 (95% CI: 0.11, 0.33) SDS effect on normal-weight children (50th percentile). Conclusions: For well-known risk factors of childhood overweight, stronger associations in children with higher BMI values were observed. These findings might possibly help to explain the secular shift in the upper BMI percentiles in children.
Introduction
Increasing prevalences of childhood overweight have been reported worldwide. [1] [2] [3] [4] [5] In high-income countries, this trend was associated with a shift in upper parts of the body mass index (BMI) distribution rather than with a shift in the BMI distribution in the whole population. [6] [7] [8] [9] If a risk factor particularly affects children with high BMI and the exposure frequency of this risk factor has increased over time within a population, an increase in upper BMI percentiles could be explained. For example, increasing trends over the past decades have been reported for the exposure to high television (TV) viewing and maternal overweight, 10 both of which accounted for stronger associations in heavier children, resulting in a higher proportion of extremely obese children at the upper end of the BMI distribution. 11 The univariate approach used in the latter publication, however, could not consider potential confounding factors, and thus might have overestimated single association estimates of the considered risk factors. Quantile regression is a statistical technique allowing the assessment of associations in different subgroups with the adjustment of confounding factors. We applied this method to data collected during the school-entry health examination in Bavaria, Germany, in 1999 and 2002. We aimed to assess possible differences in associations of several a priori defined risk factors by subgroups of children's BMI distribution.
Subjects and methods

Data
Cross-sectional data were available on n ¼ 14 412 children participating in the school-entry health examination in Bavaria, Southern Germany, in 1999 and 2002. These examinations usually take place within the 12 months before the child's first day at school. In 2000 and 2001, no data were collected. Parental questionnaires on sociodemography, lifestyle and other risk factors for obesity were distributed along with the invitation for the compulsory school-entry examination. The response rates were 75.9 and 80.4%, resulting in the collection of data on n ¼ 7386 children in 1999 and n ¼ 7026 children in 2002, respectively. Child's weight and height were measured in light clothing and using calibrated balances and fixed stadiometers during the examination. Both studies have been separately described in detail elsewhere. 12, 13 We a priori included the following previously reported risk factors for childhood overweight as explanatory variables in multivariable analyses; thus, mutually adjusting for each other to exclude potential confounding: maternal BMI, 13 maternal smoking during pregnancy, 12, 14 ). 20, 21 Exclusive formula feeding was defined by a negative answer to the question 'Did you ever breastfeed your child?' Maternal BMI and weight gain were considered as continuous variables; all other risk factors were binary-coded. Regression coefficients of binary variables can be interpreted as BMI differences between exposed and non-exposed children, whereas coefficients of continuous variables reflect BMI differences per change in unit of the respective risk factor. We confined our analyses to cases with complete information regarding these variables. A further prerequisite for the inclusion in the analysis was German nationality, as the questionnaires were provided only in German language. These restrictions left, in total, data on 9698 children from both studies for the analyses.
Statistical methods
Quantile regression is a statistical approach of modelling different sample percentiles ('quantiles') of an outcome variable with respect to covariates. [22] [23] [24] [25] The approach and interpretation of quantile regression are similar to those of linear regression. However, quantile regression leads to more comprehensive results because of its ability to assess any part of the outcome distribution, whereas linear regression can model only the mean of the outcome. In contrast to logistic regression, quantile regression requires no transformation of the outcome to a binary variable. According to European recommendations, 31 we considered the 0.9 and 0.97 quantiles as corresponding to overweight and obesity, respectively. This choice was further confirmed by the observation of about 10% overweight and 3% obese children in the data set, according to the sex-and age-specific cut-off values established by Cole et al.
32
To explore the potential effect of family intercorrelations, we performed a sensitivity analysis, excluding all children from the 2002 data set with older siblings and all twins or multiplets from both school-entry health examinations (in total: n ¼ 3036). In another sensitivity analysis, we replaced early weight gain by rate of weight gain, calculated as the difference between SDS values of weight at 2 years of age and birth weight.
All calculations were carried out with the statistical software R 2.6.2 (http://cran.r-project.org), using the quantreg package.
Results
The overall mean BMI value for 9698 children was 15.3 kg m À2 with a median of 15.1 kg m À2 and an s.d. value of 1.8 (Table 1 ).
Children's age ranged from 54 to 88 months, with 9568 children (98.6%) in the range of 60-83 months (5.0-6.9 years). The characteristics of the children not included in the main analyses due to missing variables were similar in respect to mean BMI (15.6 kg m
À2
), prevalence of overweight (11.9%) and explanatory variables (data not shown).
Risk factors for childhood overweight A Beyerlein et al
The adjusted linear regression estimates of all risk factors except formula feeding were significantly positive (Po0.05), indicating a shift in the mean BMI in children under exposure. The respective adjusted quantile regression coefficients were positive for almost each BMI-SDS percentile ( Figure 1 ). This indicates that all risk factors except formula feeding were associated with a shift in BMI-SDS to higher values in exposed vs non-exposed children in almost each BMI category. However, estimated differences of all risk factors examined increased by child's BMI-SDS percentiles, pointing to an additional shift in the upper percentiles only. In the case of formula feeding, a positive shift in the upper percentiles was counterbalanced by a negative shift in the lower ones with no shift in the mean BMI, as indicated by linear regression analysis.
According to the quantile regression results, the BMI-SDS of a normal-weight (50th percentile) child with high TV viewing, for example, was increased by 0. For all variables, the quantile regression coefficients showed positive significant correlations (Po0.05) with the Figure 1 Point estimates and 95% confidence bounds (grey areas) for differences in sex-and age-specific body mass index-standard deviation scores (BMI-SDSs) between children exposed and not exposed to certain risk factors for childhood overweight, using continuous measurements of maternal BMI and early weight gain. The dots represent specific BMI percentiles (0.03 percentile, 0.1-0.9 deciles and 0.97 percentile) in the multivariable (adjusted) quantile regression model and are connected by dashes to visualise trends by BMI-SDS percentiles. The horizontal dashed lines represent the linear regression coefficients and their respective confidence intervals. The y-axes vary to allow for optimal visualisation of the interdependencies of the effects of the respective risk factors and BMI percentile. A horizontal line depicts the y ¼ 0 reference.
Risk factors for childhood overweight
A Beyerlein et al corresponding percentiles (Table 2) ; the strongest associations between risk factors and BMI-SDS were observed at the upper BMI-SDS percentiles. The effect estimates of maternal BMI, formula feeding, early weight gain, low parental education and high TV viewing at the 90th quantiles and above were significantly higher than those obtained by linear regression analysis, as concluded from the 95% CI values of the linear regression coefficients (Table 2, Figure 1 ). The coefficients obtained by median (50th percentile) regression were slightly below the linear regression coefficients for all covariates. Furthermore, negative coefficients at lower BMI-SDS quantiles (o50th percentile) were detected for formula feeding, suggesting that the BMI of lean children might be further reduced if they were not breast-fed.
The quantile regression coefficients in the sensitivity analysis to preclude subject intercorrelation by close family membership (older siblings, twins or multiplets) differed marginally from those in the full data set (data not shown). Furthermore, similar results were observed in quantile regression models with rate of early weight gain instead of total weight gain (data not shown).
Conclusions
The risk factors: high maternal BMI, maternal smoking during pregnancy, high early weight gain, low parental education and high TV viewing showed a significant positive association with average BMI-SDS values in the whole population of children. For all risk factors examined, the size of the association was directly associated with the percentile of the BMI-SDS distribution. However, there were considerably stronger associations between risk factors and BMI-SDS in children with high BMI-SDS values compared with normal-weight or underweight children.
An increase in BMI-SDS at the upper percentiles among formula-fed children was accompanied with a decrease at the lower percentiles. The effects of formula feeding on the lower and upper percentiles neutralised each other, resulting in an almost non-shifted mean BMI-SDS. Therefore, breastfeeding seems to be a useful public health strategy to prevent overweight and obesity without affecting underweight children in terms of weight reduction. 33 These findings may provide an explanation for the consistently observed trend to more extreme BMI values in children from high-income countries over recent years. [6] [7] [8] [9] If risk factors of overweight affect particularly children with high BMI-SDS (making them even heavier), incremental exposure to those risk factors would primarily result in more extreme values of BMI in the upper part of the distribution. As the explanatory variables considered represent established risk factors, the observed associations are likely to be causative, although the cross-sectional design per se does not allow for addressing causal inference. 34 In addition, all Risk factors for childhood overweight A Beyerlein et al risk factors examined except TV viewing, although assessed cross-sectionally by definition, may be interpreted as derived from a retrospective cohort, as the exposures undoubtedly have preceded the outcome. Our results are somewhat similar to those from another study in a different population: 22 that study applied quantile regression on BMI data in adult women and suggested that risk factors for overweight show stronger associations with high compared with low BMI values. The obesity epidemic in children is associated with an increase in the prevalence of overweight and obese children, but not with a shift in the mean BMI. The driving forces for the obesity epidemic in children seem to be high caloric/fat intake and sedentary lifestyle. Although sedentary lifestyle is difficult to measure, TV viewing has consistently been found to be associated with obesity, and there is little doubt that TV viewing in children has increased over time. 10 To what extent do other risk factors with stronger associations in overweight childrenFas observed in this studyFcontribute to the obesity epidemic is unclear, although the importance of these risk factors has been established in numerous studies. [12] [13] [14] [15] [16] [17] [18] [19] Furthermore, our results support the argument for abandonment of risky and encouragement of healthy behaviour: although prevention programs aiming to reduce children's exposure to risk factors for overweight would probably induce lower BMI values in the whole population, (later) heavy-weight children would probably have the greatest benefit.
Genetic variants with a possibly increased susceptibility of carriers to certain risk factors might constitute an explanation for differences in the effect magnitude of risk factors by BMI percentiles. 6 Genetic factors are important determinants of the overweight risk, as has been shown in adoption and twin studies 35, 36 and observational studies pointing to the important role of maternal BMI for the development of overweight in children. 13, 37 Obesity-related genes having a role in childhood overweight populations have been also identified, such as FTO, 38 MC4R 39 or TCF7L2. 40 Therefore, genetically increased susceptibility to different obesity risk factors in overweight children might explain the higher increase in BMI in overweight children exposed to these risk factors. For instance, a recent study showed that overweight children with a specific MC4R variant were not able to maintain their weight loss achieved during a lifestyle intervention, in contrast to children without these mutations. 39 Confounding by dose effects might be an alternative explanation. Among the children with high TV viewing, for example, overweight children might be those watching longer hours than non-overweight children. Unfortunately, dose effects cannot be excluded for low parental education (with possibly stronger effects in families with very low income), formula feeding (vs shorter or longer breastfeeding) and amount of maternal smoking during pregnancy due to lack of more detailed information on these covariates in the combined data set. However, dose effects do not seem a likely explanation of the curve patterns regarding the continuous covariates: maternal BMI and early weight gain.
As these curves were similar to those of the examined binary risk factors, other effects might contribute.
A particular strength of our study is the application of quantile regression that offers a more comprehensive approach than linear regression. For all risk factors, the regression coefficients at the 90th and 97th BMI-SDS percentiles were higher than those obtained from linear regression analysis. We compared the results from quantile and linear regression analyses, as linear regression is commonly used in body composition related studies, although it assumes a uniform linear shift of the mean of the outcome. This potential limitation of linear regression may be overcome by polynomial splines or quantile regression. We compared spline regression approaches and quantile regression in a former study addressing methodological issues. 30 The main message of this paper might be much better demonstrated by comparing the results from ordinary linear and quantile regression. Selection bias due to non-responders should not be a major issue with respect to our analyses. The participation rates of 75% were fairly high. Unfortunately, we were not able to compare the outcomes of children of responders and non-responders in the analysed data sets. However, no substantial differences in the BMI or overweight status were found between responders and non-responders in an earlier associated study in the same setting. 41 Our results are likely to be generalisable with respect to other high-income countries. The data were collected during the compulsory school-entry examinations in Bavaria, the second biggest state in Germany. Both Bavaria itself and Germany on the whole are affected by long-time life-style changes and the obesity epidemic. 7, 42 In general, the prevalence and trends of childhood overweight are known to be similar in the Americas and Europe. 3, 43 Unfortunately, our cross-sectional data do not allow the identification of target groups for obesity-prevention programs because the examined percentiles refer to the outcome variable BMI-SDS at preschool age. On the basis of these data, it is unclear whether overweight children at school entry would also have been overweight at an earlier age, when a potential intervention (such as breastfeeding) might take place. To quantify differing effects on specific subgroups at the start of an intervention, longitudinal data are required.
This analysis was not confined to singletons. However, potential intercorrelation in close family members seemed to be a negligible issue as observed in the sensitivity analysis.
In conclusion, for well-known risk factors of childhood overweight, stronger associations in children with higher BMI were observed. These findings might possibly help to explain the secular shift in the upper BMI percentiles as observed in children.
